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A METHOD OF PRODUCING SUSPENDED ELEMENTS FOR ELECTRICAL 
CONNECTION BETWEEN TWO PORTIONS OF A MICRO-MECHANISM WHICH 
CAN MOVE RELATIVE TO ONE ANOTHER 



TECHNICAL FIELD . 
5 The present invention relates in general to the field of micro-meehamcs, 

especially to the field of micrcaetuators. and particularly but no. exCnsively to mtcro- 
actuators used for the fine posiUoning of reading/writing heads in hard-disk reading/wri^g 
More specifically, the invention relates to a method of producing suspended 
elements for electrical com,ection between two portions of a mic^-mechanism that can 
,0 move relative to one another, for example, for electrically connecting the reading/wnttng 
head, which is fixed to the rotor of the micro-actuator, to the static portion of the mtcro- 
actuator. 

BACKGROUND OF THE INVENTION , , „ . 

A known hard-disk reading/writing unit, comprises a support body (called 
15 "E-block-0 rotate! by an electric motor and having a plurality of anns, each carrying a 
s^pension element formed by a cantilever plate the free end of which carries, by mea. 
of a coupling ("ghnbal"), a reading/writing transducer (head or "slider") which faces a 
surface of the hard disk. Tlte slider may be coupled to the ghnbal with the interposttton of 
a micro-acmator produced by micro-processing of a semiconductor wafer. 
20 These reading/writing units enable the density of tracks on the hard d,sk to 

be mcreasedbypermittingafirstpositioningbythemotoractingon the support body anda 

fine positioning by the action ofthemicro-actiiator on the slider. 

However, a problem arises in fixmg the slider to the rotor of the m.cro- 
actuator and in electiical.y comtecting the electiica. terminals of the slider (of which there 
25 are at least four, two for reading artd two for writing) wititou. givng rise to interference 
with the movement of the slider. 
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In view of the foregoing, the disclosed embodiments of the present 
invention provide a method of producing suspended elements for electrical connection 
between two portions of a micro-mechanism that can move relative to one another. 

SUMMARY OF THE INVENTION 

5 According to the embodiments of the present invention, a method of 

producing suspended elements for electrical connection between two portions of a micro- 
mechanism that can move relative to one another provides for the formation of a layer of 
sacrificial material, the formation of the electrical comiection elements on the layer of 
sacrificial material, and the removal of the layer of sacrificial material beneath the 

10 electrical connection elements. The layer of sacrificial material is a thin film with at least 
one adhesive side that can be applied dry to the surface of the micro-mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and the advantages of the disclosed embodiments of the present 
invention will become clearer from the following detailed description of a practical 
1 5 embodiment thereof, illustrated purely by way of non-limiting example, in the appended 

drawings, in which: 

Figure 1 is an exploded view of a detail of a hard-disk reading/writing unit 

with micrometric actuation, 

Figure 2 is a schematic plan view of a micro-actuator for the unit of 

20 Figure 1, 

Figure 3 is a schematic, perspective view of a semiconductor wafer on 

which a plurality of micro-actuators is formed. 

Figures 4 to 18 show successive steps of a method according to an 
embodiment of the invention for the electrical and mechanical comiection of a 
25 reading/writing transducer to a micro-actuator of the type shown in Figure 2, 

Figure 19 shows, in section, the reading/writing transducer mounted on the 
respective micro-actuator, and 



2 



Figure 20 is an axonometric view showing the reading/writing transducer 
and the respective micro-actuator mounted on the respective suspension element. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to Figure 1, this shows the detail of the end portion of a 

5 suspension plate 1 for a hard-disk reading/writing transducer (head or "slider") 2. The 
suspension plate 1 is supported, in known manner, by a respective arm of an "E"-shaped 
support ("E-block") , not shown, which is rotated by an electric motor ("voice coil motor"), 
likewise not shown. The slider 2 is fixed to the suspension plate 1 by means of a coupling 
3 (called "gimbal"), generally formed by the suspension plate 1 and constituted, for 

10 example, by a small rectangular plate 3a which is cut from the suspension plate on three 
and a half sides and of which the portion 3b which is connected to the suspension plate 1 
allows the small plate 3a to bend under the effect of the weight of the slider 2. A rotary 
micro-actuator 4 interposed between the slider 2 and the coupling 3 is also shown 
schematically. The micro-actuator 4 is operated by an electronic control unit to permit fine 

1 5 positioning of the sUder over the tracks of the hard disk, correcting the positioning errors 

caused by the voice coil motor. 

Th^ micro-actuator 4 is, for example, of the type described in the 
^licant's Eurolean patent application EP0913921, which is incorporated herein by 
reference in its enlrety. The micro-actuator 4 is made of polysilicon in a semiconductor 
20 chip, for example] by the method described in the above-referenced European patent 

application. » 

Figure 2 is a schematic plan view of the micro-actuator 4. An outer stator 5 
and an inner rotor 6 are visible. The stator 5 is intended to be connected rigidly to the 
small plate 3a of the gimbal 3, together with the other components incorporated in the 
25 semiconductor chip in which the micro-actuator 4 is formed. The rotor 6, which is coupled 
capacitively with the stator, is intended to be fixed to the slider 2 in the manner which will 
be described in detail below. 
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The rotor 6 comprises a substantially annular suspended mass 7 and a 
plurality of movable arms 8 which are also suspended and extend radially outwards from 
the suspended mass 7. Each movable arm 8 carries a plurality of movable electrodes 9 
extending substantially perpendicular to the movable arm 8 on both sides thereof 
5 The suspended mass 7 has four annular slots 10 that extend radially from the 

inner boundary of the suspended mass 7 and within which four resiUent suspension and 
anchoring elements 11 known as springs extend, comiecting the suspended mass 7 
resiliently and electrically to an anchoring pillar 12 concentric with the suspended mass 7 
but fixed. The pillar 12, the springs 1 1 , the suspended mass 7, the movable arms 8, and the 
10 movable elecfrodes 9 are made of epitaxial polysilicon suitably doped so as to be highly 
conductive. TT.e pillar 12 enables the movable elecfrodes 9 of the rotor 6 to be polarized 
via a buried conductive region, not visible in Figure 2. 

The stator 5 comprises a plurality of first fixed arms 13 and a plurality of 
second fixed arms 14. Each first fixed arm 13 extends radially on the left-hand side of a 
15 respective movable arm 8, from a respective first fixed region 15. The fixed regions 15 are 
disposed peripherally around the rotor 6 and are connected to one another electrically by 
means of buried or surface connections, not shown, in order to polarize the first fixed arms 
13 to a first voltage. The second fixed arms 14 extend radially on the right-hand sides of 
the respective movable arms 8 from a single, amiular, second fixed region 17, which 

20 defines the micro-actuator 2 externally. 

Each of the first and second fixed arms 13, 14 carries a plurality of fixed 
elecfrodes 16 extending towards the respective movable arm 8 in a direction substantially 
perpendicular to the respective fixed arm 13, 14; in particular, the fixed elecfrodes 16 are 
interdigitated with the movable elecfrodes 9, forming, in known mamier, a plurality of 

25 capacitors arranged in parallel with one another. The first and second fixed arms 13, 14, 
the fixed electrodes 16, and the regions 15 and 17 are also made of doped epitaxial 
polysilicon. 

When suitable potential differences are applied between the fixed arms 13 
and 14 and the movable arms 8, owing to the capacitive coupling, each movable arm 8 is 
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subjected to a transverse force that tends to move it away from the respective arm 13, 14 
with which it has less potential difference and to move it towards the other arm 14, 13 with 
a greater potential difference, bringing about rotation of the suspended mass 7, with 
resilient deformation of the springs 1 1 . 
5 With reference now to Figure 3, this shows schematically and in perspective 

a silicon wafer 30, upon completion of the known processing steps which are necessary to 
produce a plurality of micro-actuators of the type described above and to incorporate the 
respective integrated control circuits. Each micro-actuator is formed, together with the 
respective integrated circuits, in a respective portion 3 1 of the wafer which, by cutting, will 

10 become a "die". 

After the micro-actuators and the respective integrated circuits have been 

subjected to electrical reliability checks and tests, as shown in Figures 4A-4C, a thin 
adhesive film ("sticky foil") 32, for example, a photosensitive resin forming part of the 
line of DUPONT products known as RISTON® is extended, dry, over the front of the wafer 

1 5 30, without the need for processes that use substances in the liquid phase. This thin film, 
which is wound on a supply roll 20 and is stretched between the supply roll 20 and a 
collection roll 20B, has an adhesive side 21. The semiconductor wafer 30 is placed on a 
vertically-movable support surface 103 (Figure 4A) As shown in Figure 4B, when the 
support surface 103 is raised, the front of the semiconductor wafer 30 is brought into 

20 contact with the adhesive side 21 of the thin film 32. The operation is performed at a 
temperature preferably of 1 10 - 120°C, the film 32 being heated by means of a hot air-flow 
22, and the film 32 is caused to adhere to the front of the wafer 30 by means of a pressure 
roller 33. Then, as shown in Figure 4C, a cutting blade 34 cuts the film 32, following the 
perimeter of the wafer, so as to separate the portion of film 32 which has adhered to the 

25 front of the wafer 30. The thin film 32 does not follow the topography of the front of the 
wafer, that is, it does not penetrate the cavities of the underlying layers. 

The thickness of the substrate of the wafer 30 is reduced by lapping of the 
rear of the wafer 30, bringing the thickness, for example, to a value of approximately 100 
m , so that the micro-actuator can be inserted between the slider 2 and the gimbal 3. 
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An adhesive film (sticky foil) 35 which is adhesive on both sides (Figure 5) 
is then extended over the rear of the wafer, again dry, the adhesive layer of the film which 
is placed in contact with the rear of the wafer being photo-labile. The double-sided 
adhesive film may, for example, be a film of material commonly used during the cutting of 
5 the wafer into dies. The method of application of the double-sided adhesive film is 
substantially similar to that described for the application of the thin film 32. 

A support 36 for the subsequent processing of the wafer 30 is then stuck to 
the exposed surface of the double-sided sticky foil 35; the support 36 is preferably a piece 
of transparent material, for example, glass (Figure 5). The thickness of the support 36 is 
10 such as to permit standard processing of the sandwich formed by the wafer 30, the double- 
sided sticky foil 35, and the support 36; a suitable support is constiUited, for example by a 
piece of glass approximately 500 m thick. 

If desired, oxygen-plasma etching (schematically indicated 23 in Figure 5) 
may be performed to reduce the thickness of the sticky foil 32 on the firont of the wafer 30, 
15 bringing it from about 15 m to about 5-8 m. The oxygen-plasma etching may be 
performed by placing the wafer 30 in a conventional "stripper". 

With reference now to the sectioned view of Figure 6, which shows 
schematically a section taken in a radial plane Vl-VI of the micro-actiiator of Figure 2, it is 
possible to see a buried N+ region 24 formed in a p-type silicon layer 25, and in contact 
20 with the polysilicon pillar 12 in order to polarize the rotor 6. The buried N+ region 24 is 
formed by N+ doping prior to the epitaxial growth of the polysilicon which forms the 
micro-acmator. Circuits for driving the micro-actuator 4, which are incorporated in the p- 
type layer 25 peripherally relative to the micro-actiiator 4, are schematically indicated with 
reference numeral 26. It is important to note that the sticky foil 32 covers the rotor 6, 
25 immobilizing it without, however, penetrating the cavities of the structure. 

A mask (a "hard mask") is formed on the sticky foil 32 by the deposition 
("sputtering"), preferably cold or in any case at a temperature sufficiently low to be 
compatible with the sticky foil 32, of a layer 360 of a material tiiat has high selectivity in 
relation to subsequent etching, for example, RIE etching in O2 plasma, which defines the 
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final geometry. This layer 360 may, for example, be silicon dioxide or aluminum, for 
example, about 2 m thick (Figure 6). 

A layer of standard photosensitive resin 37 is then deposited on the layer 
360 (Figure 7), for example, by a conventional "spin coating" process. 

5 The layer of photosensitive resin 37 is exposed selectively to radiation by 

means of a conventional mask, and the exposed layer 37 is then developed and selectively 
removed by a standard process, in order to open windows 38, which will become areas for 
the anchoring of suspended conductors for the electrical connection of the slider, and a 
window 380 above the rotor where an area for the anchorage of a fixing plate (a "cap 

10 layer") of the slider (Figure 8) will be formed. It is important to note that, during the 
development of the photosensitive resin 37, there is no infiltration of Uquids into the 
cavities of the rotor (the cavities between the movable electrodes 9, between these and the 
fixed electrodes 16, and between the movable arms 8 and the fixed arms 13, 14) since, at 
this stage, the rotor 6 is completely covered and protected by the sticky foil 32. 

15 The silicon dioxide or aluminum layer 360 is then etched selectively, 

preferably by an RIE technique, and is removed in the region of the windows 38, 380 
previously formed in the photosensitive resin layer 37 (Figure 9). As a result of this 
etching, a hard mask remains on the sticky foil 32 and is constitiited by the portions of the 
layer 360 which have not been removed since they are protected by the layer of 

20 photosensitive resin 37. 

The photosensitive resin 37 is then completely removed and the sticky foil 
32 is then etched selectively, where it is not protected by the hard mask 360, in order to 
form windows 39, 390 therein, as shown in Figure 10. Preferably, the etching of the sticky 
foil 32 is oxygen-plasma etching and terminates when the surface of the wafer 30 is 

25 reached. 

The reason why a hard mask is used for tiie selective removal of the sticky 
foil 32 is that, with a conventional photolithographic technique, that is, a technique 
utilizing the photosensitivity properties of the sticky foil, it would not be possible to define 
sufficientiy small geometrical shapes. Clearly, however, in applications in which it is not 
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necessary to define particularly small geometrical shapes, it will be possible to utilize the 
photosensitivity properties of the sticky foil 32 without the need to use a hard mask. 

The silicon dioxide or aluminum hard mask 360 is completely removed by 
subsequent etching, preferably by an RIE technique (Figure 1 1). 
5 With reference now to Figure 12, which show's the detail A of Figure 1 1 on 

an enlarged scale, it is possible to see one of the windows 39 formed in the sticky foil 32. 

After a quick annealing ("flash annealing") heat treatment to cause the 
sticky foil 32 to reflow, an insulating dielectric layer 40, preferably of siUcon dioxide, 
alumina (AI2O3), or another suitable material, is deposited. The dielectric layer 40 is 
10 deposited at low temperature, preferably with a thickness of about 3-4 m, with a 
deposition angle of about 60° - 70°, symmetrically with respect to the perpendicular to the 
surface of the wafer 30. As a result, although the dielectric layer 40 covers the window 39 
and seals the tops of the cavities of the micro-actuator 4 (for example, the cavities between 
the movable electrodes 9), it does not penetrate the cavities, but remains purely on the 
15 surface (Figure 13). This is important since, if the layer 40 were to penetrate deeply, the 
rotor would be blocked since it would be practically impossible to remove the material 
which had penetrated. 

A layer of conductive material 41, for example, aluminum or gold or a 
multiple layer comprising a layer of aluminum, for example about 2 m thick and a layer of 
20 gold, for example, about 500 A thick, is then deposited. The conductive layer 41 is 
deposited by sputtering at low temperature, preferably below 90°C (Figure 14). A multiple 
layer composed of 3 - 4 m of the dielectric layer 40 and about 2 m of the conductive 
layer 41 is tiius produced on the sticky foil 32. This multiple layer is attached well to the 
rotor by virtue of the presence of the dielectric layer 40, and is also mechanically strong. 
25 Alternatively, before the layer of conductive material 41 is deposited, the 

dielectric layer 40 may be selectively removed fi-om the surface of the sticky foil 32 by a 
conventional photolithography and etching process in the regions in which suspended 
connection elements which do not require great stif&iess are to be formed, for example, 
where suspended electrical conductors for the electrical connection of the slider are to be 
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formed (Figure 15). However, the dielectric layer 40 is preferably left on the remaining 
portion of the rotor where the fixing plate (the "cap layer") for the slider is to be formed. 

A layer of standard photosensitive resin is then deposited and is 
subsequently exposed to radiation through a mask. The photosensitive resin is then 
5 developed. It should be noted that the photosensitive-resin development process does not 
give rise to any risk of infiltration of the development solution, since the rotor is well 
protected by the sticky foil 32 and by the layers 40 and 41; neither is there a risk of the 
sticky foil 32 being etched since it is covered by the dielectric layer 40 and by the 
conductive layer 41. 

10 After the development of the photosensitive resin, the layer of conductive 

material 41 is removed selectively (Figure 16) to define, as also shown in Figure 17, pads 
42a anchored to the rotor for the soldering of the electrical terminals of the slider, 
suspended electrical conductors 43 which lead fi-om the pads 42A to fixed pads 42B to 
which electrical wires will be soldered, and the cap layer 44 on which the slider will be 

15 placed and fixed. The etching of the conductive layer 41 involves a first etch back to 
remove the gold layer and then an RIE etch to remove the aluminum layer. The dielectric 
layer 40 is also selectively removed. The RIE etching of the aluminum stops at the sticky 
foil 32. 

The layer of photosensitive resin used to define the conductive layer 41 is 
20 then removed, for example, by etching in oxygen plasma. 

All of the steps described up to now are performed on the entire wafer 30 
before it is cut into individual dice. 

At this point, with the glass support 36 still adhering to the rear of the wafer 
30, the wafer 30 is divided into the individual dice by cutting. The glass support 36 is 
25 preferably not cut so that it can be reused. 

The glass support 36 is then detached by being exposed to UV rays, by 
virtue of the photo-lability of the adhesive layer of the film 35, which is in contact with the 
wafer 30. During these operations, the rotors of the various micro-actuators are also well 
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protected both mechanically and against infiltrations of water during the division into dice 

by virtue of the presence of the sticky foil 32. 

With reference to Figure 18, the respective slider 2 for each die is then 

mounted on the micro-actuator 4. 
5 The slider 2 is glued to the cap layer 44 in accordance with a standard 

method with the use of a layer of glue 45 that can be cured by UV. This step may be 

performed manually or automatically. The terminals 100 of the slider are then soldered, 

by the "ball bonding" technique, to the pads 42A of the suspended conductors 43 fixed to 

the rotor. Electrical wires are then soldered to the pads 42B. 
10 The die with the slider 2 already mounted is then glued to the gimbal 3a of 

Figure 1, again by gluing with the use of a glue that can be vulcanized by UV. Finally, 

electrical wires for connection between the electrical tracks on the suspension plate and the 

pads of the die are then soldered. 

An alternative to the method described above provides for the die with the 
1 5 micro-actuator to be glued to the gimbal 3a before the slider 2 is mounted, the slider being 

glued to the cap layer 44 only subsequently. The electrical terminals 100 of the slider are 

then soldered to the pads 42A on the rotor and the electrical wires are soldered to the pads 

of the die. 

As an alternative to the two techniques described above, the sliders 2 may 
20 be mounted on the respective micro-actuators by gluing the sliders 2 to the respective cap 
layers 44 even before the wafer 30 is divided into individual die. The electrical terminals 
100 of the sliders are then soldered to the pads 42A on the rotors. The wafer is then 
divided into the individual die and the unit is mounted on a gimbal. The electrical wires for 
connection to the electrical tracks on the suspension plate are then soldered to the pads of 
25 the die. 

Upon completion of the mounting of the sliders on the dice with the micro- 
actuators and the respective gimbals, the sticky foil 32 is removed to release the rotors of 
the micro-actuators. A bath with a concentration of about 1.5% by weight of NaOH may 
be used this purpose, the gimbal being immersed in the bath for a few minutes. The 



10 



assembly is then rinsed with water and then with water to which alcohol has been added, 
and is finally dried under vacuum at a temperature of about 120°C. 

Alternatively, the sticky foil 32 may be removed by etching in oxygen 
plasma. This method has the advantage of reducing the damage brought about by the 
5 "stiction" effect that may arise during the drying stage with the technique described above. 

The structure of Figure 19 is thus obtained; the cap layer 44 is suspended 
above the rotor and anchored thereto at 101; the conductors 43 are suspended between the 
rotor and the static portion of the micro-actuator and are anchored to the rotor in the region 
of the pads 42A and to the static portion in the region of the pads 42B. 
10 The suspended conductors 43 enable the slider to be connected electrically 

without preventing its movement, since they are flexible, 
p Figure 20 is an axonometric view of the assembled 20 structure. 

§ The method according to the present invention has a distinguishing feature 

^ that a sticky foil is used as a sacrificial material for the formation of suspended electrical 

P 15 comiection elements and can be applied to the already-formed micro-actuator dry and 
t hence not by processes for depositing photosensitive resin in the liquid phase, which would 

result in penetration of the photosensitive resin into the cavities of the micro-actuator, or of 
the micro-mechanism more generally. 

A fiirther advantage lies in the fact that the sticky foil can be removed by 
20 etching in oxygen plasma, which reduces the possibility of damage to the micro-actuator or 
to the micro-mechanism generally due to the phenomenon known as "stiction". 

Another advantage of the method described hes in the fact that the mounting 
of the unit formed by the micro-actuator and the slider on the gimbal is fiiUy compatible 
with normal assembly, soldering and testing techniques. That is, it is not necessary for 
25 hard-disk manufacturers to modify the techniques normally used in order to adapt them to 
the presence of the micro-actuator. 

Clearly, variations and/or additions may be applied to the embodiments 

described and illustrated above. 
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From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims and 
5 the equivalents thereof. 
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